Flow in hemodialysis grafts after angioplasty: Do radiologic criteria predict success?  by Ahya, Shubhada N. et al.
Kidney International, Vol. 59 (2001), pp. 1974–1978
Flow in hemodialysis grafts after angioplasty:
Do radiologic criteria predict success?
SHUBHADA N. AHYA, DAVID W. WINDUS, and THOMAS M. VESELY
Renal Division, Washington University School of Medicine, and Mallinckrodt Institute of Radiology,
Washington University School of Medicine, St. Louis, Missouri, USA
Flow in hemodialysis grafts after angioplasty: Do radiologic monthly surveillance of hemodialysis grafts to identify
criteria predict success? developing stenoses prior to thrombosis [1]. Although
Background. The anatomic success of percutaneous angi- several different surveillance methods are consideredoplasty of venous stenosis is determined by the improvement
acceptable, periodic measurement of graft blood flowin cross-sectional diameter of the vessel. A successful outcome
is defined as a residual stenosis of ,30%. The purpose of this has been shown to be the most predictive of impending
study was to determine whether the angiographic assessment graft thrombosis [2]. Furthermore, the DOQI guidelines
of a venous stenosis correlates with the change in graft blood recommend that venous stenoses associated with accessflow following angioplasty.
dysfunction and stenoses that cause a greater than 50%Methods. Twenty-two hemodialysis patients with decreased
luminal reduction should be treated with angioplasty orintragraft blood flow (,700 mL/min) underwent diagnostic
fistulography and angioplasty. All grafts were patent at the surgical revision.
time of the procedure. Intragraft blood flow was measured Criteria for assessing the results of access-related inter-
before and after angioplasty using the ultrasonic dilution tech-
ventions have been previously defined (SCVIR Re-nique. Change in graft blood flow after angioplasty was corre-
porting Standards) [3]. Following angioplasty of a venouslated to the morphologic changes of the treated stenosis.
Results. The mean preangioplasty and postangioplasty graft stenosis, the success of the procedure can be assessed by
blood flows were 457 6 136 and 818 6 202 mL/min, respec- anatomic, hemodynamic, or clinical criteria. Anatomic
tively. The mean degree of stenosis before angioplasty was success is determined by the improvement in the cross-74 6 15% and 18 6 14% after dilation (P , 0.001). The
sectional diameter of the vessel at the site of the stenosis.only variable that significantly correlated with postangioplasty
blood flow was preangioplasty flow (r2 5 0.22, P , 0.001). The A successful outcome is defined as a residual stenosis of
postangioplasty blood flow was not significantly different than 30% or less. Alternatively, hemodynamic success is as-
the highest recorded blood flow measured in that graft (798 6 sessed by measuring venous pressure or intragraft blood213 mL/min, P 5 NS). There was no significant correlation
flow following angioplasty [4]. Finally, clinical success isbetween the change in blood flow and the change in percentage
of stenosis. judged by the ability to use the vascular access for at least
Conclusion. Following angioplasty of a venous stenosis, the one hemodialysis treatment following the endovascular
graft blood flow is most closely predicted by the preprocedural intervention [3].blood flow and is similar to the highest recorded blood flow ever
The purpose of this study was to compare the results ofmeasured in that graft. Angiographic criteria to assess the success
of angioplasty are not predictive of changes in blood flow. venous angioplasty using two different methods of evalu-
ation. A visual or angiographic assessment of the stenosis
was compared with a hemodynamic assessment of graft
Venous stenoses are a common cause of hemodialy- blood flow using the ultrasonic dilution technique.
sis graft dysfunction and thrombosis. The Dialysis Out-
comes Quality Initiative (DOQI) document recommends
METHODS
This retrospective study included all chronic hemo-Note: Jared Grantham, M.D., served as Guest Editor for this article
during the review process. dialysis patients who (1) received hemodialysis at our
outpatient treatment facility, (2) had a polytetrafluoro-Key words: vascular access, percutaneous transluminal angioplasty,
stenosis, thrombosis, transplantation. ethylene (PTFE) vascular access graft, (3) underwent an
angioplasty procedure for a hemodialysis-related venous
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Table 1. Characteristics of 22 hemodialysis patients undergoingA review of the medical records at the hemodialysis
percutaneous transluminal angioplastytreatment center (180 total patients) combined with a
Mean age year 63614search of the interventional radiology database identified
Female sex % 7722 patients who satisfied these inclusion criteria. The Race
hemodialysis records of each patient were reviewed to White % 18
Black % 82obtain demographic information and vascular access his-
Etiology of ESRDtory. The value of “highest recorded blood flow” in the
Diabetes % 64
graft was defined as the highest blood flow ever recorded Hypertension % 18
Other % 18during prior routine surveillance measurements.
Patients receiving chronic hemodialysis via a PTFE
graft underwent periodic surveillance for graft dysfunc-
tion using the ultrasonic dilution method (Transonic Sys-
tems, Inc., Ithaca, NY, USA). Flow studies were done All of the procedural films were retrospectively re-
using a saline-release method. Normal saline was re- viewed. Each stenosis was characterized by anatomic
leased into the prepump arterial bloodline for approxi- location, length of stenosis, and the percentage stenosis
mately three seconds. An assessment for recirculation before and after angioplasty. The percentage of stenosis
was done prior to the measurement of access flow. Graft was determined using a millimeter ruler to measure the
blood flow was recorded as the mean of three blood flow luminal diameter, divided by the diameter of an adjacent
measurements. When any two of the three measure- segment of normal vein, and recorded to the nearest
ments differed by greater than 10%, a repeat measure- 10%. After angioplasty, the stenoses were reevaluated,
ment was taken. Patients were referred to radiology for and the percentage of residual stenosis was determined
a diagnostic fistulogram if the graft blood flow was less in the same manner. Two observers estimated the per-
than 700 mL/min. Surveillance was done every one to centage of stenosis before and after the angioplasty pro-
three months. In addition, a flow study was done for an cedure. Neither observer was aware of the results of
unexplained reduction in hemodialysis adequacy, de- the blood flow measurements. A significant stenosis was
fined as a drop in Kt/V not attributable to any other defined as luminal narrowing of 50% or greater. Ana-
cause. Flow screening was initiated in 1998, and the ob- tomic success of angioplasty was defined as residual ste-
servation was done for approximately 20 months before nosis of 30% or less.
the current data were collected. Patients had a median
number of flow measurements of five (range 1 to 9) prior Statistics
to the measurement prompting intervention.
The Student paired t test was utilized to determine
The diagnostic fistulogram was performed by inserting
the significance of the change in the degree of stenosisa 21-gauge butterfly needle into the arterial limb of the
and graft blood flow before and after angioplasty. Simplepatient’s hemodialysis graft. Water-soluble contrast (Mal-
linear regression was used to delineate the relationshiplinckrodt, St. Louis, MO, USA) was injected, and multi-
between different variables. Differences were consid-ple digital subtraction images of the graft and native
ered statistically significant when the P value ,0.05. Allveins were obtained. Suspected stenoses were imaged in
data were expressed as means 6 SD. The Sigma Statat least two orthogonal planes. Anastomotic or native
version 2.03 and Sigma Plot version 5.0 (SPSS, Inc., Rich-vein stenoses producing greater than 50% diameter re-
mond, CA, USA) were used for data analyses.duction were treated using standard angioplasty tech-
niques [5].
For the angioplasty procedure, the venous limb of the RESULTS
graft was accessed in an antegrade direction using an
Twenty-two patients met the inclusion criteria. The18-gauge needle. An angiographic catheter was used to
mean age of the study patients was 63 6 14 years. Sev-advance a guide wire across the lesion(s) to be treated.
enty-seven percent of the patients were female, and 82%A number 6F vascular sheath was inserted into the graft.
were African American. Diabetic nephropathy predomi-Most commonly, a 7 mm diameter by 4 cm long high-
nated as the most common etiology of end-stage renalpressure angioplasty balloon was used to dilate the steno-
disease (ESRD; Table 1).sis. The balloon was inflated for one to two minutes. The
All 22 patients had loop configuration PTFE grafts,balloon was deflated, slightly repositioned, and inflated
with 21 in the forearm and 1 in the upper arm. Thea second time. The balloon was subsequently deflated
duration of time from graft placement to the blood flowand removed. A follow-up fistulogram was performed
measurement prompting the intervention ranged fromto assess the success of angioplasty. The vascular sheath
7 to 114 months, with a mean of 35 6 26 months. Thewas removed, and hemostasis was obtained using manual
mean time from the abnormal blood flow study to thecompression or a purse-string suture. Heparin was not
administered for these angioplasty procedures. angioplasty procedure was 10 6 8 days. The mean time
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Table 2. Characteristics of stenoses
Pre-PTA Post-PTA
Mean % 74615 18614
Mean length mm 1468
Mean days
from flow study to PTA 1068
from PTA to flow study 10613
P-value ,0.001a
Data are means 6 SD.
a Pre-PTA versus post-PTA stenosis
Table 3. Vascular access flow before and after percutaneous
angioplasty compared to highest recorded flow prior to angioplasty
Highest
recorded Pre-PTA Post-PTA
Fig. 1. Correlation between vascular access flow before (pre-PTA flow)Mean6SD 7986213 4576136 8186202
and after (post-PTA flow) percutaneous angioplasty (N 5 28, r 2 5 0.22,Minimum 385 80 395
P 5 0.011). Dashed line represents the line of identity.Maximum 1440 675 1155
P-value NSa ,0.001b
a Post-PTA versus highest recorded flow
b Pre-PTA flow versus post-PTA flow
from the angioplasty procedure to the follow-up blood
flow study was 10 6 13 days. In this group of 22 patients,
20 had previously undergone an angioplasty or thromb-
ectomy procedure prior to inclusion in this study.
The treated stenoses were located at the venous anas-
tomosis (N 5 17), native basilic or cephalic veins (N 5
7), intragraft (N 5 3), and native brachiocephalic vein
(N 5 1). Twenty-five percent of the patients (N 5 7)
had more than one area of stenosis that required angi-
oplasty. For simplicity, our data analyses included only
the lesion with the highest degree of stenosis. The length
Fig. 2. Correlation between the change in flow and change in percent-of stenoses ranged from 3 to 33 mm, with a mean length
age of stenosis after percutaneous angioplasty (N 5 28, r 2 5 0.027,of 14 6 8 mm. P 5 NS).
During the 11 month period, the 22 study patients
underwent 28 angioplasty procedures. Three patients
had recurrent stenosis at intervals ranging from three angioplasty (Fig. 2). In addition, there was no correlation
months to seven months following the initial procedure between postangioplasty flow and residual stenosis (Fig.
and were treated with a second angioplasty. One patient 3). Furthermore, there was no significant correlation be-
underwent angioplasty three times during an eight tween postangioplasty blood flow and reduction of steno-
month period for treatment of a recurring stenosis. With sis (r 2 5 0.015, P 5 NS) or stenosis length (r 2 5 0.00026,
angioplasty, the mean percentage of stenosis decreased P 5 NS).
from 74 to 18% (Table 2). Dialysis graft blood flow The postangioplasty angiographic images were re-
increased by 79% with angioplasty (Table 3). The mean viewed to determine anatomic success. Eighty-nine per-
postangioplasty blood flow was similar to the highest- cent (N 5 25) of the angioplasty procedures were suc-
recorded flow rate. The mean reduction in the percent- cessful, having less than a 30% residual stenosis. Despite
age of stenosis was 57 6 20%. Three of the 28 procedures a technically successful angioplasty, approximately one
had a residual stenosis of greater than 30%. third (N 5 8) of patients had an increase in blood flow
There was a significant positive correlation between of less than 300 mL/min. In three patients, the angi-
the postangioplasty blood flow and the preangioplasty oplasty was considered unsuccessful as defined by resid-
blood flow (r2 5 0.22, P 5 0.01; Fig. 1). There was no ual stenoses ranging from 30 to 50%. The mean postan-
significant correlation between the change in percentage gioplasty blood flow was 1026 6 77 mL/min in these
three patients.of stenosis and the improvement in blood flow following
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including the venous and arterial anastomoses and the
native venous outflow, extending from the graft to the
superior vena cava. Studies have reported that the lesion
most often responsible for graft dysfunction or thrombo-
sis is a focal stenosis located at or near the venous anasto-
mosis [5]. As described in DOQI Guideline 19, a signifi-
cant stenosis is defined as a .50% luminal diameter
reduction, which is also associated with a clinical or phys-
iologic abnormality [1]. These include abnormal moni-
toring tests, an unexplained decrease in hemodialysis
adequacy, or an abnormal physical exam.
In addition to the angiographic assessment of the vas-
cular access, an interventional radiologist can also evalu-
ate the hemodynamic significance of a stenosis by mea-
suring the static pressure in the graft or the pressure
Fig. 3. Correlation between vascular access flow (post-PTA flow) and gradient across the lesion [11, 12]. Successful endovascu-
residual stenosis after percutaneous angioplasty (N 5 28, r 2 5 0.12, lar treatment should reduce the intragraft pressure to aP 5 NS).
value that is less than 50% of the patient’s systemic
systolic blood pressure. Alternatively, following success-
ful angioplasty the trans-stenotic pressure gradient
DISCUSSION should be reduced to less than 10 mm Hg. In the current
investigation, these types of pressure measurementsThis study compared the anatomic or visual assess-
ment of an angioplasty procedure to a hemodynamic as- were not obtained. The decision to perform the angi-
oplasty procedure was based on an abnormal monitoringsessment of graft performance. Angioplasty was successful
in restoring normal intragraft blood flow in the majority test, a blood flow of ,700 mL/min, and an angiographic
assessment of the stenosis. Stenoses that had more thanof patients. In 89% of patients, the blood flow achieved
after angioplasty was within 30% of the highest recorded 50% luminal diameter reduction, as viewed in two or-
thogonal planes, were treated with angioplasty. Proce-blood flow value ever measured in the graft. However,
there was no correlation between the change in stenosis dural success was also judged by anatomic criteria, as
specified in the Reporting Standards document [3]. Fur-or in amount of residual stenosis, with the change in
graft blood flow after the angioplasty procedure. The ther assessment of the stenoses, by measuring pressure
gradients before and after angioplasty, may have pro-standard angiographic criteria used to assess the results
of angioplasty were not predictive of the hemodynamic vided greater insight leading to better flow improve-
ments. Nevertheless, we do not use pressure measure-response. These findings provide new insights into the
benefits of angioplasty, and the limitations of angiogra- ments during routine angioplasty procedures, and the
intent of this study was to compare angiographic criteriaphy, in treating dysfunctional hemodialysis grafts.
In our experience, a well-functioning graft should have with a hemodynamic assessment of graft performance.
In this investigation, the hemodynamic response toa blood flow of greater than 1000 mL/min. The etiology
of reduced blood flow in hemodialysis grafts can be mul- angioplasty was determined using intragraft blood flow
measurements. A previous study evaluated the intragrafttifactorial and includes poor cardiac function, inadequate
arterial inflow, the presence of intragraft stenoses, or ste- pressure before and after angioplasty [4]. These authors
had previously shown that the ratio of intragraft pressurenoses in the native veins. Studies have shown that a de-
crease in blood flows in hemodialysis grafts, as measured to systolic blood pressure of greater than 0.4 was pre-
dictive of an outflow venous stenosis. After angioplasty,with either Doppler ultrasound or an ultrasonic dilution
method, is predictive of an increased risk of graft throm- the ratio fell from 0.66 to 0.36. The degree of stenosis
fell from 66% preangioplasty to 31% postangioplasty.bosis [2, 6–8]. Although no absolute threshold value has
been determined, graft blood flow of less than 600 to However, they did not attempt to correlate the relation-
ship between change of stenosis and the degree in reduc-700 mL/min or grafts with rapidly declining flows are
most likely to thrombose. In addition, the use of graft tion of intragraft pressure.
Ideally, an intervention for treating a stenosis shouldsurveillance with intragraft pressure monitoring has sug-
gested improved access outcomes [9, 10]. These findings lead to a marked improvement in the blood flow within
the vascular access. Following a successful intervention,have been used to substantiate the importance of routine
graft surveillance using blood flow measurements. the blood flow should significantly exceed the 600 to
700 mL/min threshold that is used to characterize a dys-The angiographic evaluation of a dysfunctional hemo-
dialysis graft requires visual assessment of the entire graft, functional graft. This group of 22 patients underwent
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